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(57) ABSTRACT

A heat dissipating structure and a portable device are pro-
vided, which enable that heat 1s dissipated from a heat gen-
erating part without causing a user to feel discomiort. A heat
transier member 1s configured to transier heat generated 1n a
heat generating body and a thermal storrage unit 1s thermally
connected to the heat transfer member. The thermal storrage
unmit includes a pack with stretching property and a thermal
storrage medium which 1s filled 1n the pack and a volume of
which changes with a change 1n temperature. The pack 1s
arranged such that there 1s a gap between the pack and a first
heat dissipating portion at normal temperature and the pack
contacts the first heat dissipating portion when the thermal
storrage medium expands with a change in temperature.

10 Claims, 4 Drawing Sheets
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HEAT DISSIPATING STRUCTURE AND
PORTABLE PHONE

The present application 1s the National Phase of PCT/
JP2008/051134, filed Jan. 28, 2008, which 1s based upon and
claims the benefit of prionity from Japanese Patent Applica-
tion No. 2007-0908135. The disclosure of the patent applica-
tion 1s incorporated herein 1n 1ts entirely by reference.

TECHNICAL FIELD

The present invention relates to a heat dissipating structure
for dissipating heat generated 1n a heat generating part, and
particularly relates to a heat dissipating structure for dissipat-
ing heat generated 1n a heat generating part arranged 1n an
enclosure of a portable phone.

BACKGROUND ART

In resent years, multifunction and miniaturization have
been advanced for portable devices such as portable phones.
Semiconductor chips are arranged with high density in an
enclosure of a minmiaturized portable phone. A gap between
the enclosure and the semiconductor chips 1s getting nar-
rower. As a result, heat generated in the semiconductor chips
or the like 1s immediately transierred to the enclosure.

The transfer of the heat generated 1n the semiconductor
chips to the enclosure causes a rise of the temperature of the
enclosure. Theretore, a heat dissipating structure 1s proposed
to prevent high temperature of the enclosure.

As such heat dissipating structure, there are known tech-
niques for suppressing a rapid rise in temperature, 1n which a
shape memory alloy member or the like connected to a heat
generating body 1s deformed to contact a heat. dissipating
member (e.g. Japanese Laid Open Utility Model Application

(JP-U-Heise1 2-73788), Japanese Laid Open Utility Model
Application (JP-U-Heise1 4-25290), Japanese

Laid Open Utility Model Application (JP-U-Showa
62-73595), Japanese Laid Open Utility Model Application
(JP-U-Heise1 4-34743), and Japanese Laid Open Patent
Application (JP-P2002-124224A)).

Furthermore, as another heat dissipating structure, there
are techniques using thermal storrage medium which changes

from solid to liquid (Japanese Laid Open Patent Application
(JP-P2004-152895A) , Japanese Laid Open Patent Applica-

tion (JP-P2006-100564A), Japanese Laid Open Patent Appli-
cation (JP-P2001-274580A) , Japanese Laid Open Patent
Application (JP-A-Heiser 11-202979) , and Japanese Laid
Open Patent Application (JP-P2003-142864A)) . Further-
more, Japanese Utility Model Registration No. 31253565 dis-
closes a material of such thermal storrage medium.

Disclosures 1n Japanese Laid Open Patent Application (JP-
P2004-152895A) and Japanese Laid Open Patent Application
(JP-P2006-100564A) out of these documents will be
explained below.

FIG. 1 shows a heat dissipating structure disclosed 1n Japa-
nese Laid Open Patent Application (JP-P 2004-152895A).
This heat dissipating structure includes a plurality of heat
generating bodies 102 mounted on a board 101, a sheet-like
heat transfer member 104 arranged 1n close contact with the
surfaces of the plurality of semiconductor chips 102, and a
heat absorbing member 103 arranged 1n close contact with the
surface of the heat transfer member 104 and configured to
absorb heat transferred from the heat generating bodies 102 to
the sheet-like heat transier member by changing from solid
phase to liquid phase. It 1s described that the heat dissipating,
structure 1s applied to a portable phone as shown 1n FIG. 2.
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According to the heat dissipating structure, temperatures of
the plurality of the heat generating bodies 102 can be leveled
and the heat generated in the heat generating bodies can be
absorbed by the heat absorbing member.

However, according to the structure, since most of heat
generated 1n the heat generating bodies 1s absorbed by the
heat absorbing member, heat absorption by the heart absorb-
ing member easily reaches saturation. Moreover, once the
heat absorption by the heat absorbing member reaches satu-
ration, heat absorbed 1n the heat absorbing member 1s dissi-
pated from a heat dissipating portion such as an enclosure for
a long time even after the heat generating bodies stop gener-
ating heat. Consequently, a user feels discomiort.

FIG. 3 shows a heat dissipating structure disclosed 1n Japa-
nese Laid Open Patent Application (JP-P2006-100564A).
FIG. 3 shows an enclosure 106, boards 107, electronic parts
108 mounted on the boards 107, and a thermal storrage
medium 109 coated on an 1nner surface of the enclosure 106.
According to the heat dissipating structure, heat transfer to an
outer surface of the enclosure 106 1n a short time can be
prevented by the thermal storrage medium 109.

However, even 11 the heat dissipating structure 1s used, the
thermal storrage medium reaches thermal saturation in a short
time and heat stored in the medium 1s dissipated from the

outer surface of the enclosure for a long time. Consequently,
a user feels discomiort.

DISCLOSURE OF INVENTION

An object of the present mvention 1s to provide a heat
dissipating structure and a portable device which enables that
heat 1s dissipated from a heat generating part without causing,
a user to feel discomiort.

A heat dissipating structure of the present invention
includes a heat generating body, a heat transfer member ther-
mally connected to the heat generating body and configured
to transier heat generated 1n the heat generating body, and a
thermal storrage unit which 1s thermally connected to the heat
transier member, and thus connected to the heat generating
body. The thermal storrage unit includes a pack with stretch-
ing property, and a thermal storrage medium which 1s filled 1n
the pack and a volume of which changes with a change in
temperature. The pack 1s arranged such that there 1s a gap
between the pack and a first heat dissipating portion at normal
temperature and the pack contacts the first heat dissipating
portion when the thermal storrage medium expands with a
change 1n temperature.

A portable device of the present invention includes a first
enclosure, a second enclosure, and a hinge unit connecting
the first enclosure and the second enclosure such that the first
enclosure and the second enclosure are freely opened and
closed. The first enclosure encloses a board, a heat generating
body arranged on the board, and the above heat dissipating
structure configured to dissipate heat generated 1n the heat
generating body.

According to the present invention, there are provided a
heat dissipating structure and a portable device which enable
that heat 1s dissipated from a heat generating part without
causing a user to feel discomiort.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross sectional view of a heat dissipating struc-
ture;

FIG. 2 1s an explanatory diagram of the heat dissipating
structure;
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FIG. 3 1s a cross sectional view of a heat dissipating struc-
ture;

FIG. 4A 1s a cross sectional view of a heat dissipating
structure according to a first exemplary embodiment;

FIG. 4B 1s an explanatory diagram showing an enlarged
main portion of FIG. 4A;

FIG. 5 1s a cross sectional view of the heat dissipating
structure according to the first exemplary embodiment;

FIG. 6 1s a cross sectional view of a heat dissipating struc-
ture according to a second exemplary embodiment; and

FIG. 7 1s a cross sectional view of a heat dissipating struc-
ture according to a third exemplary embodiment.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

First Exemplary Embodiment

A first exemplary embodiment of the present invention will
be explained in detail referring to drawings. FIG. 4A 1s across
sectional view schematically showing an internal structure of
a portable device according to the present exemplary embodi-
ment. FIG. 4B shows an enlarged main portion of FIG. 4A.
The portable device according to the present exemplary
embodiment 1s a portable phone including a first enclosure 1
and a second enclosure 2 which are connected by a hinge unit
3 such that the enclosures are freely opened and closed. The
first enclosure includes an opposite side of the hinge unit 3. It
1s supposed that a user 1s usually holds the first enclosure 1 on
the opposite side when the portable phone 1s used. In the
following explanation, a “thickness direction” may means a
thickness direction of the first enclosure 1 and a “plane direc-
tion” means a direction along a plane orthogonal to the thick-
ness direction.

The first enclosure 1 encloses a board 4, a semiconductor
chip 5, a heat transfer member 6 and a thermal storrage unit 7.

The semiconductor chip 5 i1s mounted on the board 4 and
generates heat when the portable phone operates for conver-
sation or the like.

The first enclosure includes a side of hinge unit 3. The heat
transier member 6 1s arranged to be 1in contact with an inner
wall of the enclosure 1 in the side of hinge unit 3. The
possibility 1s low that the user holds a portion of the first
enclosure 1, which 1s in contact with the heat transfer member
6. The heat transifer member 6 1s bent on its end portion
opposite to the hinge unit 3 at 90 degrees 1n the thickness
direction of the first enclosure 1. A portion of the heat transfer
member 6 1s arranged near the semiconductor chip 5 and faces
the semiconductor chip 5 such that heat 1s transferred from the
semiconductor chip 5 to the facing portion of the heat transfer
member 6. The bent portion of the heat transfer member 6 1s
arranged 1n a position remote from the semiconductor chip 5.

As the heat transfer member 6, a graphite sheet or a metal
such as copper or aluminum can be used, for example. When
clectrical msulation 1s required, the heat transfer member 6
maybe laminated by PET (polyethylene terephtalate), PEN
(polyether nitrile) or the like.

The thermal storrage unit 7 includes a case 10, a pack 8 and
a thermal storage medium 9 filled in the pack 8. The thermal
storage unit 7 1s 1n contact with the bent portion of the heat
transier member 6 on a portion of the case 10.

As shown 1n FIG. 4B, the case 10 extends only in the
thickness direction of the first enclosure 1 and both ends of the
case 10 1n the thickness direction are opened. A high heat
conductivity material 1s preferred to be used as a material of
the case 10. For example, a metal such as aluminum can be
preferably used.
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The pack 8 1s formed wits a thin rubber-like material with
stretching property. The pack 8 1s bonded on the inner wall of
the case 10 1n the vicinity of the center of the case 10 1n the
thickness direction.

The thermal storrage medium 9 filled 1n the pack 8 1s a
material capable of storing heat with phase transition from
solid phase to liquid phase. A volume of the material changes
with the phase transition. The thermal storrage medium 9 1s
filled and sealed in the pack 8 without leaving a space 1n the
pack 8. The pack 8 therefore expands or contracts with a
volume change of the thermal storrage medium 9.

The pack 8 1s arranged such that there 1s gaps between the
open ends of the case 10 (1.e. inner walls of the first enclosure
1) and the pack 8 at normal temperature. The pack 8 1s also
arranged such that the pack 8 contacts the inner walls of the
first enclosure 1 when the thermal storrage medium 9 expands
with the phase transition. The gaps between the inner walls of
the first enclosure 1 and the pack 8 can be setto desired widths
by adjusting a volume of the thermal storrage medium 9 to be
filled 1n the pack 8, for example.

A material with stretching property and heat resistance,
such as Teflon (registered mark) or silicone, 1s preferred to be
used as a material of the pack 8. A thickness of the pack 8 1s
preferred to be 0.1 mm or less to ensure stretching property.

A paraffinic material can be used as the thermal storage
medium 9, for example. More specifically, n-nonadecane
with a phase transition temperature of about 33 C°, a latent
heat of fusion of 170 J/g, and a volume change amount of
about 10% with phase transition can be exemplified.

Operation of the portable phone will be described below.

During conversation or communication, the user usually
holds the first enclosure 1 on the opposite side of the hinge
unit 3 as shown 1n FIG. 4A. During conversation or commu-
nication, the semiconductor chip 5 operates and generates
heat. The heat generated 1n the semiconductor chip 5 1s trans-
terred to the heat transfer member 6 and diffuses therein. The
heat transferred to the heat transtfer member 6 1s transierred to
the portion (a second heat dissipating portion 12, refer to FIG.
4B) of the first enclosure 1, which 1s 1n contact with the heat
transfer member 6 and the heat 1s dissipated from an outer
surface of the second heat dissipating portion 12. Therefore,
the enclosure 1s prevented from having a locally high surface
temperature. At this time, since the second heat dissipating
portion 12 1s arranged 1n the side of the hinge unit 3, the heat
dissipating portion 1s less likely held by the user and the user
does not feel discomiort.

In the heat transier member 6, heat which 1s not dissipated
from the second heat dissipating portion 12 is transferred
from the bent portion to the pack 8 via the case 10 and storred
in the thermal storrage medium 9. When the portable phone 1s
continued to be used and the temperature of the thermal
storrage medium 9 reaches 1ts phase transition temperature,
energy 1s consumed 1n the phase transition of the thermal
storrage medium 9 and heat 1s storred at a constant tempera-
ture for a period of time. When 1t 1s given that an amount of the
thermal storage medium 9 1n the pack 8 1s 2 g, heat generated
in the semiconductor chip 515 0.5 W, and heat not dissipated
from the second dissipating portion 12 but storred in the
thermal storrage medium 9 1s 0.1 W, temperature rise of the
enclosure 1s suppressed for about 1 hour by thermal storrage
with the phase transition.

When the portable phone 1s further continued to be used, as
shown in FI1G. §, the thermal storrage medium 9 expands with
the phase transition of the thermal storrage medium 9. The
pack 8 1s therefore contacts the inner walls of the first enclo-
sure 1. As a result, heat 1s transferred from the thermal stor-
rage medium 9 to the first enclosure 1 via a contact portion (a
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first heat dissipating portion 11) of the inner wall of the first
enclosure 1, which is 1n contact with the pack 8, and the heat

1s dissipated from an outer surface of the first heat dissipating
portion 11. That 1s, heat generated 1n the semiconductor chip
5 1s dissipated from the first heat dissipating portion 11 1n
addition to the second heat dissipating portion 12, and there-
tore, the heat dissipation 1s accelerated. Therefore, the enclo-
sure 1s prevented from having a locally high surface tempera-
ture, even when the portable phone 1s used for a long time.
Note that an expansion of the thermal storage medium 9 in the
plane direction 1s limited by the case 10. As a result, even
when the volume change of the thermal storrage medium 9
with the phase change 1s small, the pack 8 certainly contacts
the first heat dissipating portion 11.

After finishing conversation or commumnication for a long
time, heat stored in the thermal storage medium 9 15 dissi-
pated and the temperature of the thermal storrage medium 9 1s
decreased. After the thermal storage medium 9 1s cooled to
reach a temperature of phase transition from liquid phase to
solid phase, the thermal storrage medium 9 contracts and the
pack 8 departs from the inner walls of the first enclosure 1. As
a result, heat dissipation from the first heat dissipating portion
11 ends. Accordingly, heat dissipation from the first heat
dissipating portion 12 does not continue for a long time after
the finish of heat generation in the semiconductor chip 8.
After the pack 8 departs from the first heat dissipating portion
11, heat 1s dissipated only from the second heat dissipating
portion 12 which is less likely to be held by the user, so that
the user does not feel discomiort.

Second Exemplary Embodiment

Following next i1s explanation of a second exemplary
embodiment. FIG. 6 1s a cross sectional view showing a
structure of a portable phone according to the present exem-
plary embodiment. In the present exemplary embodiment,
structures of the heat transfer member 6 and the thermal
storrage umit 7 are modified 1n comparison with the first
exemplary embodiment. The other features are same as those
of the first exemplary embodiment and detailed explanation
thereol will be omatted.

As shown in FIG. 6, the heat transfer member 6 1s bent on
its opposite side of the hinge unit 3 at 90 degrees in the

the bent, and then extends toward the Opposite side of the
hinge umt 3. Therefore, the heat transfer member 6 1s not in
contact with the mner wall of the first enclosure 1 1n the
opposite side of the hinge unit 3. Hereinafter, a portion of the
heat transter member 6, which 1s not in contact with the first
enclosure and extends 1n the plane direction, 1s referred to as
a floating portion.

The thermal storrage unit 7 1s arranged to be 1n contact with
the floating portion of the heat transter member 6. The ther-
mal storrage unit 7 includes the case 10 and the pack 8 filled
with the thermal storrage medium 9.

The case 10 1s arranged on the floating portion. The case 10
has an open end on a side of the heat transfer member 6 and an
open end on a side of the iner wall of the first enclosure 1.

The pack 8 1s bonded on and fixed to the case 10. The pack
8 1s arranged such that there 1s a gap between the pack 8 and
the inner wall of the first enclosure 1 when the thermal storage
medium 9 1s in solid phase. Note that the pack 8 may be
bonded on and fixed to the tloating portion of the heat transier
member 6. The end of the case 10 on the side of the heat
transier member 6 may be closed and a bottom face of the case
10 may exist at the closed end. The thermal storrage unit 7
may be arranged on an 1nner surface side (an internal side in

thickness direction, 1s further bent at 90 degrees at ahead of
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opening and closing of the portable phone) or an outer surface
side (an outer side 1n opening and closing of the portable
phone) of the floating portion.

Also 1n the present exemplary embodiment, as same as the
first exemplary embodiment, after the thermal storrage
medium 9 reaches the phase transition temperature, the ther-
mal storrage medium 9 expands to bring the pack 8 into
contact with the iner wall (the first heat dissipating portion
11) of the first enclosure 1, and resulting 1n an expansion of
heat dissipating area.

It 1s considered that mounting a larger amount of the ther-
mal storrage medium 9 allows the thermal storage unit 7 to
store a larger amount of heat. However, since the thermal
storage medium 9 has heat conductivity of 1 W/mK or less 1n
general, a small contact area between the heat transfer mem-
ber 6 and the thermal storrage unit 7 limits amount of heat
transierred from the heat transfer member 6 to the thermal
storrage unit 7 per unit time. In contrast, according to the
structure of the present exemplary embodiment, since the
portion of the heat transfer member 6 extends while floating
with respect to the mner wall of the first enclosure 1, the
thermal storrage unit 7 can be 1n contact with the floating
portion of the heat transfer member 6 at a wide area. As a
result, the amount of heat transferred from the heat transier

member 6 to the thermal storrage unit 7 per unit time can be
increased.

Third Exemplary Embodiment

Following next is explanation of a third exemplary embodi-
ment. FIG. 7 1s a cross sectional view showing a structure of
a portable phone according to the present exemplary embodi-
ment . In the present exemplary embodiment, a structure of
the thermal storrage unit 7 1s modified 1n comparison with the
first exemplary embodiment. The other features are same as
those of the first exemplary embodiment and detailed expla-
nation thereof will be omaitted.

In the present exemplary embodiment, the thermal storrage
unmit 7 includes a plurality (two) of thermal storrage elements
(7a and 7b). Each of the plurality of the thermal storrage
clements 7 includes the case 10 and the pack (8a or 8b) filled
with the thermal storrage medium.

A portion of the case 10 1s in contact with the bent portion
of the heat transfer member 6. Another portion of the case 10
1s arranged to separate the thermal storage elements 7a and 75
from each other. The thermal storage element 7a 1s arranged
nearer to the heat transter member 6 than the thermal storage
member 7b.

The case 10 has two open ends 1n the thickness direction.
The packs 8a and 85 are bonded on and fixed to around of
center portion of the case 10 1n the thickness direction. The
packs 8a and 85 are arranged such that there are gaps between
the packs 8a and 85 and the inner walls (the first heat dissi-
pating portion 11) of the first enclosure 1 when the thermal
storrage medium 9 1s 1n solid phase and such that the packs 8a
and 85 are 1n contact with the first heat dissipating portion 11
when the thermal storrage medium 9 1s 1n liquid phase.

In the present exemplary embodiment, as same as the
alorementioned exemplary embodiment, when heat 1s stored
in the thermal storrage unit 7, the pack 8a and 86 of the
respective thermal storrage elements 7a and 7b expand to
contacts the first heat dissipating portion 11. Therefore, heat
1s dissipated from the first heat dissipating portion 11 1n
addition to the second heat dissipating portion 12, thereby
preventing the enclosure from having a locally high tempera-
ture.
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As described 1n the second exemplary embodiment, 1t 1s
considered that mounting a large amount of the thermal stor-
rage medium 9 allows the thermal storrage unit 7 to store a
larger amount of heat. However, since the thermal storage
medium 9 has heat conductivity of 1 W/mK or less in general,
amount of heat transferred from the heat transfer member 6 to
the thermal storrage unit 7 per unit time 1s limited. In contrast,
according to the structure of the present exemplary embodi-
ment, since the thermal storrage elements 7a and 76 are
connected via the case 10 having high heat conductivity, heat
transier 1n the plane direction 1s enhanced in the thermal
storrage unit 7. The amount of heat transterred from the heat
transier member 6 to the thermal storrage unit 7 per unit time
can be increased and amount of heat stored 1n the thermal
storrage unit 7 can be substantially increased.

The first to third exemplary embodiments have been
explained above, and those may be combined as necessary 1n
a range without contradiction. For example, the thermal stor-
rage unit 7 according to the second exemplary embodiment

may be configured to include a plurality of thermal storrage
clements as described in the third exemplary embodiment.

The mvention claimed 1s:

1. A heat dissipating structure comprising:

a heat generating body;

a heat transfer member thermally connected to said heat
generating body and configured to transier heat gener-
ated 1n said heat generating body; and

a thermal storage unit thermally connected to said heat
transfer member,

wherein said thermal storage unit includes:

a pack with stretching property; and

a thermal storage medium which 1s filled 1n said pack and
a volume of which changes with a change 1n tempera-
ture,

said pack 1s arranged such that there 1s a gap between said
pack and a first heat dissipating portion at normal tem-
perature and said pack contacts said first heat dissipating
portion when said thermal storage medium expands with
a change in temperature,

said heat transfer member 1s 1n contact with a second heat
dissipating portion a location of which 1s different from
a location of said first heat dissipating portion,

the heat transfer member 1s configured to dissipate heat via
said second heat dissipating portion,

said heat transter member and said thermal storage unit are
arranged 1n a first enclosure of a portable device 1n which
said first enclosure and second enclosure are connected
via a hinge unit such that said first enclosure and said
second enclosure are freely opened and closed,

said first enclosure includes a side of said hinge unit and an
opposite side of said hinge unit,

said first heat dissipating portion 1s a portion of said oppo-
site side of said hinge unit, and
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said second heat dissipating portion 1s arranged in said side

of said hinge unit.

2. The heat dissipating structure according to claim 1,
wherein

said opposite side of said hinge unit 1s farther from said

hinge unit than said side of said hinge unat.

3. The heat dissipating structure according to claim 1,
wherein said heat transfer member and said pack are bonded
at least partially to one another.

4. The heat dissipating structure according to claim 1,
wherein said thermal storage umt further includes a case
configured to limit an expansion direction of said pack such
that said pack expands toward said first heat dissipating por-
tion.

5. The heat dissipating structure according to claim 4,
wherein said case 1s made of metal.

6. The heat dissipating structure according to claim 4,
wherein said thermal storage unit includes a plurality of ther-
mal storage elements, and

said plurality of thermal storage elements are separated

from each other by said case.

7. The heat dissipating structure according to claim 1,
wherein said thermal storage medium 1s a material a volume
of which changes with phase transition from solid phase to
liquid phase.

8. The heat dissipating structure according to claim 7,
wherein said thermal storage medium includes a paraffinic
material.

9. The heat dissipating structure according to claim 1,
wherein

said first heat dissipating portion 1s a portion of an inner

wall of said first enclosure.

10. A portable device comprising:

a first enclosure;

a second enclosure; and

a hinge unit connecting said first enclosure and said second

enclosure such that said first enclosure and said second
enclosure are freely opened and closed, and

wherein said first enclosure encloses:

a board:

a heat generating body arranged on said board; and

the heat dissipating structure according to claim 1, which 1s
configured to dissipate heat generated 1n said heat gen-
erating body,

said first enclosure includes a side of said hinge unit and an
opposite side of said hinge unit,

said first heat dissipating portion 1s a portion of said oppo-
site side of said hinge unit, and

said second heat dissipating portion 1s arranged 1n said side
of said hinge unit.
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